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1 
This invention relates to a process for making 
electrical resistance material and more specifi- 
cally to a method of firing electrical resistance 
material containing silicon carbide as one of the 
constituents thereof. 5 
In the prior art there are methods of manu- 
facturing electrical resistance materials contain- 
ing silicon carbide but there has always been 
experienced the difficulty of non-uniformity of 
electrical properties in the resultant product. 10 
This non-uniformity of electrical properties is 
undesirable from a commercial standpoint since 
if requires the manufacture of many units in 
order to get a considerably smaller number which 
have electrical properties falling within a given 15 
tolerance. Furthermore, the methods disclosed 
in the prior art are often slow and relatively 
expensive. 
It is an object of this invention to produce 
silicon carbide devices having uniform electrical 20 
properties within relatively close tolerances. 
A further object is the production of silicon 
carbide conductive devices for which the cur- 
rent varies as a higher power of the applied volt- 
age than do silicon carbide conductive devices 25 
ruade by processes known heretofore. 
Another object of the invention is to increase 
the rate of firing by a factor of several rimes as 
compared with other known methods. 
Other objects are to produce sflicon carbide 30 
conductive devices of a higher quality than has 
heretofore been possible, and the improvement 
of processes for making electrical resistance 
units generally. 
A feature of the invention pertains to the firing 35 
of silicon carbide conductive devices in a furnace 
having in its firing chamber an atmosphere com- 
prising from twenty fo one hundred per cent of 
carbon monoxide and the remainder hydrogen. 
The temperature of the furnace during the heat 40 
treatment firing period is kept within the range 
of 1000 ° C. to 1400 ° C., most advantageously be- 
tween 1200 ° C. to 1300 ° C. with a tolerance of 
about plus or minus 4 ° C. It is to be nord how- 
ever that lower or hiiher temperatures may be 45 
used, but with slightly less desirab!e results. 
These and other features and objects of the 
invention will be more clearly understood ïrom 
the following detailed description in conjunction 
with the drawing which illustrates an apparatus 50 
designed to curry out the invention described 
herein. 
In the drawing heater elements 2 and 3 are 
contained in furnace 4. Thermocouple 5 con- 
nected to a heat control device through leads 7 55 
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2 
controls the temperature of the furnace 4. Car- 
bon monoxide and hydrogen are contained in 
tanks |2 and |3 respectively. The temperature 
of the furnace at various points therein is re- 
corded on recorder 30 by means of thermocouples 
6. The hydrogen gas is passed through lead 
through tubes |0 and |9 containing copper cata- 
lyst heated by furnaces |6 and 7 respectively, 
through tanks 20 and 2| containing phosphorous 
pentoxide, through fiow meter 22, tube |, glass 
tubing 9 and through ceramic tube 0 to the out- 
side atmosphere. Tank 12 contains carbon 
monoxide which fiows through tube |, purifier 
23, fiow meter 24, lead I|, tube 9, and ceramic 
tube 0 to the outside atmosphere. Tank 2  con- 
tains nitrogen which is used to fiush out the 
system. The nitrogen fiow is monitored by fiow 
meter 2. Element |0 is a removable cap to 
allow extraction of boats 27 as they leave the 
firing area. 
The boats such as 27 are propelled through 
the furnace by a rod 2 which is secured to car- 
riage 29 which in turn rides on truck 3{}. Belt 3.| 
which is friction driven by motor 30, is fastened 
fo carriage 29 and is looped over pulleys 32 and 
3 Operation of motor 35 will drive belt 31 
which in turn will cause rod 2{} to more into the 
ceramic furnace tube {}, pushing the boats belote 
it. It is to be noted that a chain and gears may 
be used instead of the belt and pulleys. To re- 
load the furnace it is necessary to pull rod 2{} out 
of tube {} and insert the desired number of boats 
in tube {}. In actual practice the exhaust gases 
are burned at the end of the ceramic tube {} and, 
if desired, a succession of loaded boats may 
slowly be pushed through the flame and into the 
furnace tube. 
In a specific and preferred embodiment, the 
silicon carbide resistance elements are ruade of 
a material which belote the heat treatment is 
comprised of a mixture of sixty parts by weight 
silicon carbide, two parts by weight graphite, one 
hundred parts by weight water, and forty parts 
by weight of clay. The clay is composed of in- 
gredients in the following approximate propor- 
tions: 47.7% SiOn, 36% AltOs, 0.9% FeOE, 0.6% 
CaO, 1.0% MgO, 1.2% NaO, 3.6% KO, î.4% 
TiOn, 1.9% MnO, 0.7% C, and 5% ttaO. This ma- 
terial can beformed into various desired shapes 
such as a disc for example, which, upon heat 
treating will become silicon carbide conductive 
elements. 
Belote the discs are heat treated they should 
be dried for 16 hours or more at about 110 ° C. to 
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130 ° C. and then stored in dry, moisture proof 
containers belote cooling fo room temperature. 
The furnace fo be used is preferably an elec- 
trical furnace since a close tolerance oî plus or 
minus 4 ° C. should be maintained the range from 
1200 ° C. fo î300 ° C. Constant temperature in 
the furnace  is important because a variation of 
î ° C. in the furnace temperature will result in a 
change of approximately one per cent in the con- 
ductivity of the resultant varistor unit. 
The temperature gradients in the plane per- 
pendicular fo the direction oï the motion of the 
discs through the furnace  should be less than 
1 ° C. in the area occupied by. the. discs. Along 
the direction of the motion of the discs the 
perature function in the iïring space is insepa- 
table from the rate of motion. This requirement 
will be discussed in more detail later. 
The furnace tuba should be imperviots tothe 
diffusion of gases, and must be chemicaliy inert 
with respect to the atmosphere present under the 
iïring conditions. The tube 8, the containers .27 
used fo hold the varistor discs and the push rod 
28 must be substantially inert fo each other ai 
the higher temperatures invoived in the firing 
of the discs. Means |2, and |3 for continuously 
injecting, controlled amounts of hydrogen and 
carbon monoxide into the furnace is provided. 
IVieans 25 is provided as a supply oî an inert gas 
for removing the above-mentioned gases and 
oher.gaseous products arising from the iïring 
of the varistor materials. With respect to the di- 
rection of iïow o the gas within the furnace if 
has been round advantageous fo cause it fo iïow 
opposite the direction o£ motion of the silicon 
carbide resistance discs, if a continuous run 
method of iïring is employed. 
Accuracy of control and metering of the flow 
of hydrogen and carbon monoxide should be of 
the order of plus or minus one per cent. In the 
preferred embodiment of the invention the ratio 
of hydrogen fo carbon monoxide is about 1.00. 
Factors such as tube diameter, lenth of the hot 
zone, and rate of iïring, determine the amount 
of total flow ol hydrogen and carbon monoxide. 
If a continuous run method of iïring the discs 
is utilized; the varistor discs such as disc 48 should 
be unïformly spaced from each other in their 
travel through the furnace, and their rate of 
travel should be constant or variable at the will 
of the operator. 
Preparatory fo he iïring of the discs they caa 
be placed in an upright position on a contaoEner 
or boat which can be pushed through the fur- 
nace tube by mechanical means such as a heat. 
resistant rod 28 which is substantially chemically 
inert with respect fo the other materials-w.ithin 
the furnace. A driving mechanism with a con- 
stant speed-motor is used, as discussed herein- 
before, to provide the force fo push the rod 28. 
In the continuous run method if is possible.fo use 
both.continuous motions and small interval nter 
mittert motions, with respect to the movement of 
the boats through the furnace. 
In the preferred embodiment of the invention 
the speeds employed have ranged OErom .05. inch 
per minute to 4 inches per minute. This range of 
speeds will produce the desired disc characteris- 
tics when the furnace temperature is somewhere 
in the range between 1200 ° C. and 1300 ° C. Fur- 
nace temperatures below 1200 ° C. may be used in 
the process but if has been round that the varia- 
tions in electrical properties of the product in- 
crease. If furnace temperatures-above 1300 ° C. 
are used, furnace deterioration increases. 

4 
The variation of temperature in the furnace 
along the path of the disc carrying boats 27 is an 
important factor in determining the velocity of 
the discs through the furnace and consequently 
5 is determinative of how long the discs will remain 
in the furnace. For a temperature range from 99 
per cent to 100 per cent of the maximum temper- 
ature along the axis ooE the furnace tube 8, the 
length of the zone is about 4/2 inches when the 
l0 maximum temperature is between 1250 ° C. to 
1300 ° C. For the saine maximum temperature 
and a variation of said temperature within the 
furnace of from 95 per cent fo 100 per cent along 
said path/the path of the discs should be about 
t5 10 inches long to produce varistors having the 
saine electrical properties as those described 
immediately supra. For a range of from 90 per 
cent to 100 per cent the path should be 13/ 
inches long. Itis assumed that the velocity of 
20 the discs through the furnace for the above in- 
stance is approximately 0.4 inch per minute. 
Variations of speed will necessitate a change in 
either maximum temperature distribution and/or 
length of said path. 
25 The conductivity of the varistor is a complex 
exponential function of the rime and tempera- 
tures of iïring. This is probably a consequence 
of the maturing of the varistor being dependent 
on chemical reactions whose rates are exponen- 
0 tial ïunctions Oî the firing temperature. Fur- 
thermore, since the electrical characteristics of 
the varistor product are dependent in a complex 
manner upon the rate of motion of the varistor 
through the furnace, the maximum indicated 
0 temperature, and the temperature distribution 
within the furnace, a certain iïexibility of fur 
nace design, choice of iïring temperature, and 
rate of motion of the discs therethrough is per- 
missible. These factors however, make if diflï- 
.0 cult to specify any exact firing rime independent 
of the specific furnace used and the particular 
batch of raw materials. The optimum require- 
ments OEor furnace temperature, temperature 
gradients, and rate of speed of the discs through 
45 the furnace may be determined by a test flring for 
each new batch of material, because this now 
pears to be the most precise and economical 
method for integrating all these factors which 
contribute to the variation of the varistor char- 
50 acteristic. 
Upon completion of the firing of the varistor 
discs provision should be ruade to remove the fired 
discs from the ïurnace at a rime when they-are, af 
a temperature slightly higher than room rem- 
55 perature. This should be done without disturb- 
ing the fiow of gas through the furnace and with- 
out contamination of gases within the furnace. 
The boats employed fo carry the varistor units 
in this preferred embodiment of the invention 
6 can be semicylindrical in shape and having a 
ameter of about 1 inches, a length of about 
 % inches, and /s inch thick wal!s,  They. should 
be ruade of high temperature, high purity alu- 
rainure oxide. The discs preferably are sup- 
6 ported in a vertical position, that is edgewise, 
and perpendicular fo the edge of the boat in one 
or two rows. Each disc rests on edgein an in- 
dividual slot cut into the boat. 
The above-described process is capable of pro- 
 ducing varistors having a variabflity of the voit- 
age drop across the varistor with a given cur- 
rent of from ±4 per cent o ±10 per cent de- 
pending on the portions of the-varistor charac- 
teristic curves at which operation, is conducted. 
 One electrical characteristic of a varistor can 
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be expressed by the equation 
is some exponent greater than unity. It is de- 
sirable to have n as large as possible with as 
small an 1 as is possible. The value of n of 
variitors ruade by this process has been round 5 
experimentally fo be greater than the value of 
n of varistors ruade by other known processes. 
Also advantageously the value of resistance of 
variitors ruade by this procesi ata given iurrent 
can be as low as one-fifth the resistance of varis- 10 
tors ruade by other processes. In addition, the 
stability of the voltage current characteristics of 
the varistors described herein is considerably 
higher than the characteristics for varistors 
ruade by other processes. 
If is to be understood that the inention de- 
scribed herein is fo be taken as a preferred em- 
bodiment of the saine and t VaHous changes: 
in temperatures, quantifies and elements may be 
resorted fo, without departing from the scope or 
spirit of the invention. 
What is claimed is: 
1. In the process of forming a conductive ele- 
ment containing sililOn iarbide, the step of lr- 
ing the body of said element in an atmosphere 
containing from 20 fo 100 per cent carbon mon- 
oxide. 
2. In the process of forming a conductive ele- 
ment containing sflicon carbide, the step of tir- 
ing the body of said element in an atmosphere of 0 
hydrogen and carbon monoxide including from 
20 fo 100 per cent of the latter. 
3. In the process of forming a conductive ele- 
ment iontaining iflilon carbide, the step of tir- 
ing the body of said element in an atmosphere of 
hydrogen and carbon monoxide and at a tem- 
perature of from 1000 ° C. to 1400 ° 
 4. The process of forming a conductive ele- 
ment containing silicon carbide comprising the 
steps of shaping the element, placing the ele- 40 
ment in a furnace having an atmosphere of hy- 
drogen and carbon monoxide including from 20 
fo 100 per cent carbon monoxide, and maintain- 
ing said atmosphere at a temperature in the 
range of from 1000 o C. fo 1400 ° C. during the tir- 45 
ing process. 
5. The process of forming a conductive ele- 
ment containing silicon carbide compriiing the 
steps of shaping the element into a plate, flring 
the element in a 20 fo 100 per cent carbon mon- 5o 
oxide atmosphere furnace ata substantially con- 

stant temperature in the range of 1000 ° C. to 
1400 ° C., and then coating the plane surfaces of 
the said plate with a conducting material. 
6. The process of forming a conductïve ele- 
ment containing silicon carbide which comprises 
mixing the material Jncluding said silicon car- 
bide, forming said material into the desired body 
form, placing said body in a controlled atmos- 
phere containing from 20 to 100 per cent car- 
bon monoxide and firing said body af from 1000 ° 
C. to 1400 ° C. in said atmosphere. 
7. The process of forming a conductïve ele- 
ment of material comprising sflicon carbide, 
which comprises mixing the material including 
said silicon carbide forming said material into 
the desired body form, placing said body into a 
controlled atmosphere containing hydrogen and 
carbon monoxide iniluding from 20 fo 100 per 
cent 6--the latter and Éing said body at from 
1000 ° C. fo 1400 ° C. in said atmosphere ........ 
8. The process of forming a conductive ele- 
ment of material iompriæing sililon iarbide, 
clay, and graphite which comprises the steps of 
mixing the material including said silicon car- 
bide, forming said material into a desired body 
form, placing æaid body in a iontrolled atmos- 
phere containing hydrogen and from 20 to 100 
per cent carbon monoxide, and firing said body 
at a substantially constant temperature in the 
range from 1000 o C. fo 1400 ° C. 
9. The process of forming a conductive ele- 
ment iontaining silicon carbide comprising the 
steps of shaping the element body, placing the 
body in an atmosphere of hydrogen and carbon 
monoxide in about equal proportions, and firing ' 
the body in the temperature range from 1200 ° 
C. fo 1300 ° C. while maintaining said atmos- 
phere around the body. 
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